In comparative serological studies of dianthoviruses, reverse passive haemagglutination inhibition (RPHI) tests distinguished between sweet clover necrotic mosaic virus (SCNMV) and each of a Swedish isolate of red clover necrotic mosaic virus (RCNMV-SW), the clover primary leaf necrosis strain of RCNMV (RCNMV-C) and carnation ringspot virus (CRSV). Twenty-one monoclonal antibodies prepared against SCNMV were highly specific and failed to react with RCNMV-SW, RCNMV-C or CRSV when tested by RPHI. The extent of the differences between these dianthoviruses was assessed by direct ELISA using polyclonal antibodies. No heterologous reaction was detected by direct ELISA, but indirect ELISA revealed a distant serological relationship between CRSV and each of the other viruses. This is the first report of a positive serological relationship between CRSV and other dianthoviruses.
The dianthovirus group consists of carnation ringspot virus (CRSV), the type member, red clover necrotic mosaic virus (RCNMV) and sweet clover necrotic mosaic virus (SCNMV) (Matthews, 1982) . The viruses have bipartite RNA genomes with mol. wt. of 1.3 x 106 to 1.5 x 106 (RNA-1) and 0-5 × 106 to 0-6 × 106 (RNA-2) which are encapsidated in polyhedral particles, 31 to 35 nm in diameter (CRSV, Dodds et al., 1977; RCNMV, Gould et al., 1981; SCNMV, Hiruki et al., 1984a) . Antigenic specificity of these viruses is determined by RNA-I (Okuno et al., 1983 ; Morris-Krsinich et al., 1983) . To investigate serological relationships among dianthoviruses, we have compared these viruses using monoclonal and polyclonal antibodies.
The virus isolates used were those described by Hiruki et al. (1984a) . The primary leaves of 9-to 10-day-old Red Kidney bean (Phaseolus vulgaris) were inoculated and harvested after 5 to 7 days in a greenhouse at about 23 °C and stored at -60 °C. SCNMV was purified as described by Hiruki et al. (1984a) , CRSV as described by Lommel & Morris (1982) , and the clover primary leaf necrosis strain of RCNMV (RCNMV-C), the Australian isolate of RCNMV (RCNMV-AUS), and the Swedish isolate of RCNMV (RCNMV-SW) as described by Gould et al. (1981) . Virus preparations used to immunize rabbits were purified by at least two cycles of sucrose density gradient centrifugation.
For the preparation of polyclonal antibodies, adult rabbits were injected twice intramuscularly with 1 mg of virus in 0.5 ml 0-025 M-phosphate (NazHPO, and KHzPO4) buffer pH 7.0, emulsified with an equal volume of Freund's complete adjuvant, 1 week apart. A further 2 mg of virus was injected intravenously 2 weeks later and the animals were bled at least 1 week after the final injection.
For the preparation of monoclonal antibodies, the procedure described previously (Hiruki et al., 1984b) was used.
Sheep red blood cells (SRBC) sensitized with virus antibodies (rabbit or mouse) were prepared for the reverse passive haemagglutination inhibition (RPHI) test as described previously (Hiruki et al., 1984b) . .4 'Direct' double antibody sandwich ELISA was as described by Clark & Adams (1977) except that the gamma globulin fractionation step was omitted.
Indirect ELISA with polyclonal antibodies was carried out as described by Koenig (1981) . To eliminate non-specific reactions, antisera were absorbed with crude sap from healthy plants of P. vulgaris, cv. Red Kidney, and the completeness of the absorption was checked using plant sap as a control in each test.
In homologous RPHI tests, SCNMV, RCNMV-SW, RCNMV-C and CRSV antibodies gave RPHI titres of 1/3200, 1/6400, 1/800 and 1/400 respectively. In heterologous tests, the titres of the tests between cells sensitized with SCNMV antibody and RCNMV-SW and RCNMV-C antibodies were 1/40 and 1/20 respectively. Using cells sensitized with RCNMV-SW antibody, heterologous titres with SCNMV and RCNMV-C antibodies were 1/80 and 1/40 respectively. Those of the tests between cells sensitized with RCNMV-C antibody and SCNMV and RCNMV-SW antibodies were 1/40 and 1/80 respectively. The RPHI tests were negative (titre < 1/20) between cells sensitized with CRSV antibody and polyclonal antibodies to SCNMV, RCNMV-SW or RCNMV-C. Similar negative results were obtained in tests with cells sensitized with SCNMV, RCNMV-SW, RCNMV-C and CRSV antibodies.
In a separate series of RPHI tests, polyclonal antibodies prepared against SCNMV, RCNMV-SW, RCNMV-C and CRSV were tested using cells sensitized with monoclonal antibodies to SCNMV from 21 established hybridoma cultures. In homologous assays, these gave titres of up to 1/12800 but did not react in heterologous assays with RCNMV-SW, RCNMV-C and CRSV antigen-antibody mixtures, showing that the monoclonal antibodies to SCNMV were highly specific under the conditions tested.
The 'direct' antibody sandwich form of ELISA failed to detect any reaction between a conjugate containing rabbit anti-RCNMV-C antibodies and other dianthoviruses. Highly purified virus preparations were used to provide a series of 1/2 dilutions for each virus beginning at 5 ~tg/ml. The results demonstrated the high specificity of polyclonal RCNMV-C antiserum because when heterologous antibodies were used both for coating the plates and in the enzyme conjugates, only the homologous antigen could be detected. In similar tests antisera prepared to RCNMV-AUS, RCNMV-SW, SCNMV and CRSV also showed high specificity.
'Indirect' ELISA on plates not precoated with antibodies is less discriminating than the 'direct' double antibody sandwich form of ELISA (Koenig, 1981) and was used with polyclonal RCNMV-C and CRSV antibodies to test for serological relationships between dianthoviruses. The reaction of polyclonal RCNMV-C and CRSV antibodies with homologous and heterologous antigens in indirect ELISA on plates not precoated with antibodies is presented in Fig. 1 . Purified preparations of RCNMV-AUS isolate reacted with both CRSV and RCNMV-C antisera. These tests also showed the distant serological relationship between RCNMV-C and SCNMV.
The results support the idea that the dianthovirus group consists of viruses that differ considerably in their serological relationship. CRSV is only distantly related to the other two members, the relationship detected only by indirect ELISA (Fig. 1) . Although this is the first report of a positive, albeit distant, serological relationship between CRSV, the type member of the dianthovirus group, and other members of the dianthoviruses, such relationships may be expected because of recent findings of genetic complementation between CRSV and RCNMV (Lommel & Morris, 1982) and between CRSV and SCNMV (T. Okuno & C. Hiruki, unpublished data) . SCNMV is only distantly related to RCNMV-SW, RCNMV-E (English isolate) (Hiruki et al., 1984a) and RCNMV-AUS (A. L. N. Rao & C. Hiruki, unpublished data). This relationship can be detected by the tube-interface test and double immunodiffusion tests (Hiruki et al., 1984a) . While many strains of RCNMV are known to occur (Hollings & Stone, 1977; Gerhardson & Lindsten, 1973) , a recent investigation has suggested that at least three serotypes can be recognized (Musil & Gallo, 1982a, b) . Likewise a few strains of CRSV have been reported from different parts of the world (Dodds et al., 1977; Kleinhempel et al., 1980) . It will be of considerable interest to see how these different strains and viruses are related to other dianthoviruses in futher comparative serological investigations.
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